Background: Timely diagnosis of Alzheimer's disease (AD) refers to a diagnosis at the stage when patients come to the attention of clinicians because of concerns about changes in cognition, behavior, or functioning and can be still free of dementia and functionally independent. Objectives: To comprehensively review existing scientific evidence on the benefits and potential challenges of making a timely diagnosis of AD. Methods: Relevant studies were identified by searching electronic databases (Medline, Embase) and bibliographies for studies published in English between 1 January 2000 and 2 June 2014 on the consequences of a timely diagnosis of AD. Results: Nine studies were identified that investigated the consequences of diagnosing AD at the initial stages; none were specifically focused on prodromal AD. A timely diagnosis potentially offers the opportunities of early intervention, implementation of coordinated care plans, better management of symptoms, patient safety, cost savings, and postponement of institutionalization. Barriers to making a timely diagnosis include stigma, suicide risk, lack of training, diagnostic uncertainty, shortage of specialized diagnostic services, and the reluctance of healthcare providers to make a diagnosis when no effective disease-modifying options are available. Conclusions: Despite its potential benefits, few published studies have explored the advantages or risks of a timely diagnosis of AD. In light of the cultural shift toward diagnosis at the initial stage of the disease continuum, when the patient does not yet have dementia, more investigations are needed to evaluate the benefits and address the barriers that may impede making a timely AD diagnosis.
INTRODUCTION
Alzheimer's disease (AD) is a progressive neurodegenerative disease that is clinically characterized by impairment of cognitive and functional abilities together with behavioral symptoms. The diagnosis Greater understanding of the pathology and course of AD has led to it being re-conceptualized as a disease continuum ( Fig. 1 ) [2] . It is believed that patients with AD experience a long asymptomatic (preclinical) phase in which neuropathological changes occur but cognitive ability is normal [3] [4] [5] , followed by a symptomatic (prodromal or pre-dementia) phase of progressive cognitive decline before the onset of functional impairment and overt dementia [6] [7] [8] [9] . Longitudinal follow-up studies of population-based community-dwelling individuals have shown that cognitive impairment can be detected well before the onset of dementia symptoms [10] .
Moving to a timely diagnosis of AD at the prodromal stage
As more people live into older age, the number of individuals with dementia is increasing [2, 11] , and the economic, health, and social care costs of dementia are escalating [11] [12] [13] . In response to this, dementia has become a priority area for coordinated action at the European Union (EU) and global level [14] [15] [16] . Many countries now have national dementia strategies and government policies that emphasize early diagnosis and intervention [2, [17] [18] [19] [20] .
In recent years, there have been calls for a cultural shift in diagnosing AD at an earlier stage, before patients have crossed the threshold into dementia. The Alzheimer Cooperative Valuation in Europe (ALCOVE) project has proposed that diagnosis should generally occur earlier than is currently common practice, at a time when patients and their family first notice changes in cognitive function and can use the information to make sense of what is happening, make lifestyle changes, and plan for the future; the term "timely diagnosis" is used to reflect this [21] . This is not the only definition proposed for timely diagnosis; it can also be described as the diagnosis made at the right time for the individual patient, irrespective of the disease stage. For the current review, we defined "timely diagnosis" of AD as the diagnosis made at a time when individuals first become worried enough to seek help and come to the attention of clinicians because of concerns about changes in cognition, behavior, or functioning not necessarily resulting in dementia, and we extended the literature search to diagnosis at the prodromal or predementia stage of AD (T2 and T3 in Fig. 1 ) [2, 3] . "Timely" diagnosis of AD differs from "early" diagnosis (T1 in Fig. 1 ), which would require population or targeted screening to identify people in the asymptomatic phase of AD [22] .
The International Working Group (IWG) has proposed a new concept of AD with new diagnostic criteria based on the presence of biomarkers, allowing the identification of a prodromal stage (also called the "pre-dementia stage of AD") and of preclinical states for AD [23, 24] . Based on these criteria, AD is now considered a clinico-biological entity that can be identified In vivo and no more reference to the dementia threshold is needed for the diagnosis of AD. In line with this new approach, the revised criteria for the clinical diagnosis of AD by the National Institute on Aging and Alzheimer Association (NIA-AA) also considered a symptomatic pre-dementia phase of AD, referred to as "Mild cognitive impairment due to AD" [25, 26] . The IWG research criteria permit diagnosis of AD at the prodromal phase before patients have developed dementia [27] ; these require evidence of both specific clinical features and • Decreased A␤ together with increased T-tau or P-tau in cerebrospinal fluid • Increased tracer retention on amyloid PET • AD autosomal dominant mutation present (in presenilin 1 (PSEN1), presenilin 2 (PSEN2), or amyloid precursor protein (APP) In vivo biological evidence of an underlying abnormal pathology that is well-defined and detected using biomarkers (Table 1) . Although these new research criteria require further validation, recent findings suggest that they have good specificity and are feasible for use in the clinical setting for the diagnosis of AD at the prodromal stage [28] . Efforts are also being made to harmonize the different clinical diagnostic criteria for AD [29] .
Potential benefits or risks of timely diagnosis of AD
There are many possible benefits of a timely and accurate diagnosis of AD for patients, caregivers, and society [11, 22] . One of the main theoretical advantages of a timely diagnosis at the prodromal stage is the opportunity to achieve added value from earlier treatment or intervention with disease-modifying therapy in a clinical trial before the onset of dementia. This is entirely speculative at present as no effective disease-modifying therapies are available. Early intervention has the potential to improve the quality of life of patients and their informal family caregivers, both of whom are often relieved once the patient is diagnosed [30, 31] . A timely diagnosis at the prodromal stage may also improve patient access to support services or pathways of care and enable planning for the future.
On the other hand, there are a number of conceivable risks or challenges associated with a timely diagnosis of AD, including ethical issues, competency questions, discrimination, and stigmatization [32] [33] [34] [35] . Another concern is misdiagnosis, which can lead to inappropriate treatment of patients who could take unnecessary medications for AD or not receive correct therapy for potentially treatable disorders [36] . The monetary costs to society of establishing systems for timely diagnosis and intervention may also be burdensome.
Objectives
Our aim was to review the research literature to identify whether there are studies that demonstrate the benefits and potential risks of a timely diagnosis of AD for individuals who exhibit changes in cognition, behavior, or function but are not yet clearly demented.
METHODS

Search strategy and study selection
A comprehensive literature search was performed to identify publications that investigated the benefits and risks of a timely diagnosis of AD at the prodromal (pre-dementia) stage. First, a broad literature search on the electronic databases Medline and Embase was performed, from their start dates to November 20, 2013, using the following search terms: "early diagnosis" (subject heading) AND "Alzheimer OR dementia". The term "early diagnosis" was used for the search to ensure capture of all relevant articles in this area as the terms "timely diagnosis", "prodromal AD", and "pre dementia" have only recently been introduced and defined. Items selected for further assessment were articles published in the English language since January 1, 2000 (except for the inclu-sion of a few relevant papers published in the late 1990s). This provided 451 records, including studies, reviews, editorials, letters, and commentaries. Meeting abstracts were not systematically searched, but the authors included any relevant meeting abstracts that they were aware of. The titles and abstracts of all 451 records identified were independently examined by at least two of the authors and rated on a 4-point scale (1 = limited, 2 = acceptable, 3 = good, 4 = excellent) for potential relevance for inclusion in this review. For any articles considered possibly eligible or where uncertainty existed, the full text articles were obtained and screened for relevance. Further studies identified from the reference lists of the full articles reviewed and from other sources were obtained and examined to see if they should also be included. One study was identified this way.
Eligible articles were those reporting the results of studies investigating the benefits or challenges of a timely diagnosis of AD. These studies could be quantitative (e.g., cost studies) or qualitative (e.g., surveys, focus groups), and there were no geographical exclusions. However, studies examining the development of or cost/benefit of the tools used to make an early/timely diagnosis (e.g., biomarkers) were not included. Of the 45 references selected by the authors, and assessed further for eligibility, nine were studies or surveys pertaining to the consequences of a timely diagnosis of AD and were included in the results.
To verify that no relevant studies on the benefits or challenges of a timely diagnosis of AD were missed, a second comprehensive search of Medline (through PubMed) and Embase (both accessed via ProQuest Dialog) from January 1, 2000 to May 21, 2014 using the search terms (timely diagnosis) AND (mild cognitive impairment OR amnestic mild cognitive impairment) was subsequently performed. After removing duplicates, the titles of the 31 records identified were assessed and nine abstracts were selected for further assessment of eligibility. None of these articles yielded findings on the consequences of a timely diagnosis of prodromal AD.
A further search of Medline and Embase (both accessed via ProQuest Dialog) to identify original clinical studies on the benefits and challenges of a timely diagnosis of AD was performed on June 2, 2014 using the following search terms: "dementia OR Alzheimer OR Alzheimer's" AND "prodromal OR pre-dementia OR early symptoms" AND "diagnosis". When the search was limited to clinical trials in Embase and "clinical trials" was added as a search string in Medline, 169 records remained after duplicates were removed. After assessment of the titles and abstracts, no additional studies were identified for inclusion in the results. Note that the heterogeneity of the studies identified prevented us from performing a full systematic review, including meta-analysis, according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [37] . Figure 2 illustrates the article identification and selection process for the literature searches. Because the identified studies have different aims, combination or comparison of the data in a systematic manner was not possible. Thus, a brief narrative summary of each study is provided separately. Included studies did not undergo any quality assessment (e.g., risk of bias).
RESULTS
Summary of literature search
Nine studies related to the benefits or challenges of a timely diagnosis of AD were identified from the literature search. Some of these studies included subjects in the pre-dementia stage of AD but none were specifically focused on diagnosing AD at the prodromal stage. One study was a survey of the psychological reactions of patients and their companions to receiving a diagnosis of dementia [38] , while three studies focused on physicians or caregivers, not patients [39] [40] [41] . These included a qualitative survey of caregivers or primary care physicians (PCPs) on the perceived benefits and risks of an early recognition of dementia or Alzheimer's dementia [39] ; a survey of general practitioner (GP) attitudes toward diagnosing dementia that aimed to understand the low dementia diagnosis rate in certain regions in England [40] ; and a randomized controlled study that examined the effects of a tailored educational intervention on dementia diagnosis and management in primary care [41] . Two studies were of memory clinic patients, looking at the effects of diagnosis made early in the course of the illness on institutionalization and mortality [42, 43] . Finally, three studies looked at the possible cost-benefits of an early diagnosis of dementia or Alzheimer's dementia using simulation models and estimates of outcomes [44] [45] [46] .
Perceived consequences of a timely diagnosis of AD
Using a pre/post survey design, Carpenter et al. [38] studied the reactions of 90 people and their companions upon receiving a diagnosis of demen- tia. The participants were people with and without memory or cognitive complaints seeking evaluation, and the companions were mostly the spouse (61%) or child (22%) of the person seeking dementia evaluation. Symptoms of anxiety and depression were assessed using the State-Trait Anxiety Inventory and Geriatric Depression Scale, respectively, with patients and their companions being assessed separately. Of the 90 patients who participated in the study, 31% were given a diagnosis of no dementia (Clinical Dementia Rating [CDR] = 0), 46% were given a diagnosis of very mild dementia (CDR = 0.5), and 23% were given a diagnosis of mild dementia (CDR = 1). The results showed a substantial reduction in anxiety and no significant changes in depression or psychological distress in either patients or companions after receiving the diagnostic feedback, regardless of diagnostic outcome or severity [38] .
In the UK, Iliffe et al. [39] surveyed 990 PCPs (including GPs, community nurses, practice nurses, community mental health nurses, and others) on the perceived benefits and risks of an early recognition of dementia in general practice. This study generated data from workshops using a nominal group approach, identifying benefits for patients, families and local services. Reduced uncertainty and the opportunity to come to terms with the diagnosis, seek support, and avoid crises were the most relevant advantages identified for patients. The benefits for families included awareness of prognosis and disease course as well as the need to organize support, plan for the future, make appropriate legal arrangements, and optimize quality of life. Better workload planning and resource allocation were the perceived advantages for local services. The hazards identified for patients and families included fear, anxiety/depression, stigma, and altered relationships, while PCPs expressed concerns about diagnostic errors and resource limitations, including shortfalls in local services, as more people received diagnoses early in the disease continuum [39] .
In an online survey where GPs in primary care in Norfolk and Suffolk, England, were asked to rate the extent to which they agreed or disagreed with seven statements on dementia diagnosis, 85% of the 113 respondents agreed that it is beneficial to patients and their families to have a timely diagnosis of dementia [40] . Although this survey showed positive attitudes toward diagnosing dementia, it also found that participating GPs were less confident in their knowledge about the availability of post-diagnostic support services for people with dementia and their carers, and were dissatisfied with locally available services. The authors commented that GPs' attitudes toward diagnosing and managing dementia were more positive since the 2009 National Audit of GPs in the UK [47] .
Effects of interventions or models to facilitate a timely diagnosis of AD
Some studies have indicated that educational interventions for healthcare providers may improve the early recognition of dementia in primary care [48, 49] and, therefore, may have subsequent benefits for patients and their caregivers. However, a recent study of an educational intervention tailored to the needs of an individual primary care practice that combined practice-based workshops and computer decision support systems (EVIDEM-ED study) did not show positive results. This open-label cluster randomized controlled trial, which included more than 1000 patients with dementia seen in 23 general practices in England, had a pre/post-intervention design of educational intervention versus usual care [41] . The educational program combined timely diagnosis of dementia and psychosocial support around the time of diagnosis with components appropriate to the later stages of the disease course, while the usual care control practices were provided with a summary of the UK National Institute for Health and Care Excellence Dementia Clinical Guideline 42 [50] . The results showed no significant difference in dementia management reviews before and after the educational intervention aimed to help physicians make a timely diagnosis; there was also no change in case detection rates [41] .
A multidisciplinary Memory Clinic set up in Sheffield, England, was designed to facilitate diagnosis and treatment of Alzheimer's dementia early in the course of the disease through careful management of the diagnostic process with a focus on preand post-diagnostic counseling followed by psychosocial interventions. The effectiveness of this Memory Clinic model was investigated in a small retrospective cohort study of 30 patients with Alzheimer's dementia in the "Memory Clinic treatment group" versus 30 AD patients in the control group who received standard care from other facilities. The median time to institutionalization was 26.5 months for the Memory Clinic group versus 17.5 months for the control group, demonstrating that early diagnosis of Alzheimer's dementia can delay time to institutionalization, in this case by a median of 9 months [42] . Interpretation of this study is limited by its small sample size.
One study provides indirect evidence that diagnosis of AD at the earlier stage may prolong survival. In a cohort study of 970 patients with dementia (including 663 with AD) attending a memory clinic in France, survival analysis showed that a shorter time between first symptoms and first visit was associated with longer survival regardless of diagnosis (risk ratio = 0.7 for each year earlier the first visit occurred, p < 0.0001) [43] .
Cost benefits of early identification of AD
Three studies investigated the cost-benefits of early diagnosis and treatment of Alzheimer's dementia [44] [45] [46] . These studies questioned whether the costs associated with early identification and diagnostic evaluation can be offset by cost savings achieved by the use of early interventions that hypothetically slow disease progression and/or delay the time to institutionalization.
Banerjee and Wittenberg [44] performed a costbenefit analysis of the Croydon Memory Service Model for early diagnosis and intervention in dementia. This British service model takes a multidisciplinary and multi-agency approach and is designed to provide an early diagnosis, information, and help for people with dementia and their families. The costs of this service, if extrapolated nationally, were estimated at £220 million per year (in 2007/2008 prices). Also, with a theoretical reduction of 6%, 10%, and 20% in residential care home admission by year 10 after introducing the service model, potential annual savings to society were estimated at approximately £150 million, £245 million, and £490 million, respectively. In addition, it was estimated that the service model need only achieve a modest increase in average quality of life (of between 0.01 and 0.02 Quality Adjusted Life Years [QALY] per person year) together with a 10% reduction in institutionalization to be considered cost-effective.
Weimer and Sager [45] performed a cost-benefit analysis (Monte Carlo model) of early identification and treatment of Alzheimer's dementia. The model estimated the net social benefits and net fiscal savings of early intervention with drug treatment, a caregiver intervention program, and a combination of both interventions. The results showed that the net benefits could be highest when patients received a diagnosis at the initial symptomatic stage of the disease and when drug treatment was combined with caregiver intervention: the mean net social, state fiscal, and federal fiscal benefits of drug treatment plus caregiver intervention for a 70-year-old married woman with a Mini-Mental State Examination (MMSE) score of 28 were estimated as $US125,000, $16,000, and $34,000, respectively.
Getsios et al. [46] performed an economic evaluation of early assessment and treatment for AD in the UK using discrete event simulation based on data from the Consortium to Establish a Registry for Alzheimer's Disease (CERAD), and patient-level data from seven donepezil clinical trials to simulate AD progression and the effects of treatment intervention. The model calculates direct costs of care and the indirect costs of caregiver time over a period of 10 years. QALYs for patients and caregivers were also reported, as were incremental cost-effectiveness ratios (cost/QALY). Findings show that early assessment and treatment result in up-front costs of £4083 and £2402 per patient (2007 cost year), respectively, but this was offset by savings in patient care. The total expenditures (for drugs, early assessment, direct care, and indirect costs) were lower for the early assessment and treatment group (£204,561) versus treatment without early assessment (£209,837), or no early assessment and no treatment (£212,302). Reduced institutional care was the largest contributor to savings, and patients assessed and treated early remained in the community longer. Compared with the no assessment/treatment group, early assessment reduced the time patients spent with low cognitive ability (MMSE scores <10) by over 5 months. The analyses suggested that early assessment and treatment could have health benefits for the patient and might also be cost-effective [46] .
DISCUSSION
Members of the scientific community, stakeholders (e.g., AD associations), regulators, and policy makers are, to varying degrees, encouraging a cultural shift toward making a timely diagnosis of AD at the initial symptomatic stages of the illness. Despite this change in paradigm, our extensive and comprehensive review of the literature identified some studies highlighting the potential advantages of diagnosis and intervention early in the time course of dementia, but failed to find studies clearly focused on the benefits for patients, carers, or society of a timely diagnosis at the prodromal stage, before dementia sets in. In agreement with the 2011 World Alzheimer Report [2] , we found that much of the literature outlining the benefits of timely diagnosis of AD is based on expert opinion rather than research evidence. The scarcity of published studies assessing the benefits and challenges of timely diagnosis could be due to the fact that the definition of AD as an entity that encompasses both pre-dementia and dementia phases is relatively recent and still not widely accepted.
Alternatively, some methodological issues could explain why few studies on this topic were identified. Although our search of the literature was comprehensive and the search terms used should have been broad enough to capture most publications relevant to a timely diagnosis of AD, it is possible that some studies were missed because of the terminology used. In addition, some of the identified studies assessed the potential advantages of early recognition of cognitive decline without specifying the etiology of the dementia syndromes and could have included individuals with other types of dementia or mixed pathology. Another limitation of our review is that the methodological quality of the studies was not rated, some of which may have had a high risk of bias. Also, the heterogeneity of the studies identified prevented the performance of a fully systematic review including meta-analysis, according to PRISMA guidelines [37] . Several of the studies identified assessed the possible economic benefits of early diagnosis and treatment of Alzheimer's dementia [44] [45] [46] . These studies, however, were not evidence-based but based on models that estimated the cost-effectiveness of different theoretical interventions and/or outcomes. The significant economic impact of AD is expected to increase in the future with the trend toward diagnosis at the prodromal stage [12] . A timely diagnosis offers the opportunity of introducing psychosocial interventions that may prolong the time people spend in initial stages of the disease and delay admission to residential long-term care homes, as indicated by the effectiveness of a multidisciplinary Memory Clinic model [42] . Data from a Markov simulation model of intervention with a hypothetical disease-modifying therapy at the pre-dementia stage also support this hypothesis [51] . As the costs associated with institutionalization and long-term residential care account for a large proportion of the total care costs of AD [52, 53] , savings in overall healthcare costsmaybeachievedbyextendingthetimeapatientcan remain living in the community. However, as societal costs of caring for community-dwelling patients with AD are primarily determined by the costs of caregiver informal care [13, 54, 55] , informal care costs must be taken into account together with the caregiver burden.
Although timely diagnosis and intervention are likely to incur greater up-front costs, economic modeling suggests that these may be offset by subsequent savings achieved primarily from a reduction in institutionalization; additional benefits, also demonstrated in a cohort study in France, include prolonged patient survival and improved patient/carer quality of life [43, 44, 46] . Simulation models of early intervention with hypothetical disease-modifying therapies indicate that substantial cost savings might be possible [56, 57] . For example, the introduction in the UK of a hypothetical disease modifier that would delay the onset of dementia by 5 years (from 2020 to 2025) is estimated to potentially reduce the number of people with dementia in 2030 by 36%, with a related highly significant decrease in the costs of care [58] . However, the actual cost impact of delaying disease progression from predementia through mild to severe AD, and of prolonging the time spent living in the community, still remains to be determined in longitudinal studies. Thus, further investigation of the health and social care costs associated with timely diagnosis of AD at the prodromal stage is needed.
People who seek health care generally prefer active strategies and certainty about their diagnosis and prognosis, even when effective drugs are not available [59] . Many of the potential benefits of timely diagnosis and treatment of AD from the studies identified in this review are dependent on the existence of a disease-modifying medication. Unfortunately, such a medication does not yet exist and evidence-based studies will have to be performed if a proven diseasemodifying treatment becomes available.
The scant evidence base regarding the benefits of timely diagnosis of AD on outcomes in patients (e.g., subsequent disease progression, time to institutionalization, death) or caregivers (e.g., burden, quality of life, depression/anxiety) from published studies allows us to only speculate on the potential clinical benefits and risks of diagnosing patients at an earlier phase in the disease continuum, when they have symptoms but have not yet developed overt dementia. Moreover, much of the following discussion is based on the assumption that a timely diagnosis of AD is feasible, even if the well-recognized problem of under-diagnosis of dementia at more severe stages in the current medical setting [2, 40] demonstrates that this is not always the case.
Among the many conceivable benefits to patients, caregivers, healthcare providers, and society of a timely diagnosis of AD (Table 2) , one of the most important would appear to be that an earlier and improved diagnostic pathway may help patients avoid the "medical nomadism" that some experience during the diagnostic process, which begins with seeking help and ends with receiving a definitive diagnosis and treatment [22] . Prompt evaluation means that it might be possible to detect and treat other causes of memory problems (e.g., depression, anxiety, sleep disorders) [33] . As many older people have comorbidities, we can speculate that timely diagnosis of AD may help avoid prescription of medications that could actually worsen cognitive function.
Other important possible benefits of a timely diagnosis are that it may reduce feelings of uncertainty and anxiety in people with memory complaints and their families [38, 60] , and may improve their quality of life and relationships [61] . Recent studies indicate that many people are in favor of early diagnostic testing for AD [62] and would want a potential diagnosis of AD to be disclosed to them and their relatives [61, 63] . For example, the "Value of Knowing" survey of public attitudes to early diagnosis of AD found that over 94% of the people surveyed (in each of the four European countries where the question was asked) wanted to be told if they had AD [64] , and a recent qualitative study on people with cognitive decline, ranging from subjective memory problems to early dementia, showed that "the overwhelming majority of participants were keen to know their diagnosis and its long-term consequences" [60] . Moreover, as shown by Carpenter et al. [38] , patients and their caregivers report a reduction in anxiety and no increase in psychological distress after receiving a diagnosis of dementia in its initial stages. In addition, a recent focus group report found that a primary driver for people with memory problems to take part in a clinical trial for prodromal AD was to obtain an unambiguous diagnosis [65] . Early detection of dementia was considered the highest priority topic for dementia research in a recent survey conducted in Scotland on AD patients, their carers, and the general public with an interest in dementia [66] .
GPs and primary care health workers consider that patients and their families are the main beneficiaries of an earlier diagnosis [39, 40] . Theoretically, a timely diagnosis of AD could allow families to plan and prepare for the future. Before the onset of dementia and while insight is preserved [67] , patients may have the capacity to understand what is happening and make decisions about future living/care options, treatment, and financial and legal arrangements [33, 68] . Caregivers would be able to plan and organize future support, explore outside resources, and address safety concerns (e.g., driving), financial planning, legal issues (e.g., advance directives), and caretaking arrangements [31, 39, 69] . Putative advantages of diagnosis at the earlier stages of the disease for local healthcare and social services are that they can better anticipate future demands [39] . We can postulate that recognition of AD during the prodromal stage would allow physicians to offer therapies that address specific symptoms, such as anxiety or impaired sleep, and manage medications prescribed for comorbidities that may be inadvertently exacerbating dementia or other emerging symptoms. It can be speculated that a timely diagnosis of AD would also open up the opportunity of early intervention with disease-modifying therapies if they become available. A variety of possibly disease-modifying compounds in clinical development may theoretically increase the time spent in the pre-dementia to mild AD stages. Once healthcare systems and processes that enable timely diagnosis of AD are established, data on the actual benefits to patients and their families can be collected.
Diagnosis of AD at the prodromal stage is very challenging in the current medical setting and made more difficult by numerous barriers. Some of these barriers are relevant to only patients, caregivers, healthcare providers, or society, while others could be shared by all ( Table 2) . Some of the existing barriers to diagnosis of dementia may also apply to the timely diagnosis of AD at the prodromal stage. In particular, stigma associated with dementia is a major issue [35] , whether it be public stigma, self-stigma (which may deter individuals from seeking professional help), or family/caregiver stigma, all of which can negatively affect the quality of life of people with dementia and their caregivers [31, [70] [71] [72] .
Although there are reports of patients and caregivers expressing a positive attitude toward receiving a timely diagnosis of dementia, some physicians, especially in the primary care setting, cite various reasons explaining their reluctance to give a diagnosis of AD at the initial symptomatic stages of illness. For example, they say they do not consider it is beneficial for patients' overall health and well-being, perceive there are no effective treatments, or consider that a diagnosis early in the disease continuum may actually be harmful to patients [39, [73] [74] [75] . While some patients and families may experience negative reactions to disclosure of a diagnosis of AD, including feelings of loss, anger, uncertainty, frustration, anxiety/depression, and catastrophic thinking (although this has not been specifically investigated for patients given a diagnosis of prodromal AD) [61, 77] , other reports find no such long-term after-effects from a dementia diagnosis, and conclude that individual preferences for diagnosis disclosure should be taken into account [38, 60, 78] . Concerns have been expressed that an early diagnosis of dementia may conceivably result in an increased suicide risk and request for physician-assisted suicide [79] , although there is limited evidence to support this hypothesis. In a retrospective cohort study of patients aged 60 years and over with a diagnosis of dementia and who died by suicide during the study period (2001 to 2005), subgroup analysis of 136 patients found that 75% of the suicides occurred in those with a new dementia diagnosis [80] . A history of psychiatric hospitalization, diagnosis of depression, and prescription fills for antidepressant or anxiolytic medication were also associated with an increased risk of suicide [80] . Although more research is clearly needed on the risk for suicidal behavior in AD, a recent review by Draper recommended that clinicians should be sensitive to the potential for suicide in the vulnerable individuals, especially in the first few years after diagnosis [81] . For healthcare providers, other possible drawbacks of diagnosis at the pre-dementia stage are an increased risk of misdiagnosis [36] and uncertainty about the rate of progression to dementia, which can vary considerably among individuals [82] .
Finally, memory problems and alterations of cognitive function can cause changes in personal identity, capacity, and autonomy; these issues would presumably add to the ethical challenges associated with a timely diagnosis of AD at the prodromal stage (Table 3 ) [33, 35] .
To achieve a timely diagnosis at the initial stage of the disease before patients exhibit dementia symptoms, existing barriers to diagnosis will have to be removed. This would require PCPs to be attuned to the early symptoms of AD, and healthcare professionals, stakeholders, and policy makers would need to take Adapted from Mattson et al. [33] and Gauthier et al. [35] .
action to fill gaps in knowledge, skills, attitudes, and resources. Clinical practice guidelines will need to be modified to align with the cultural shift to a timely diagnosis of AD at the pre-dementia stage. For example, the most recent European Federation of the Neurological Societies (EFNS) guidelines for the diagnosis and management of AD [83] do not include diagnosis at the prodromal stage, and many of the screening tests recommended for assessing global cognition and activities of daily living may not be specific or sensitive enough for identifying prodromal AD. Thus, the methods used for assessing people with memory problems to detect prodromal AD must be appropriate and accurate. Establishing a clinical diagnosis of AD is a stepwise process that is often a shared responsibility between PCPs and specialists [84] . A timely diagnosis at the pre-dementia stage requires a coordinated diagnostic process involving a multidisciplinary team approach; all of those involved will need to be aware of the subtle cognitive and non-cognitive changes that can precede the onset of dementia. Therefore, the cultural shift toward timely diagnosis depends upon increasing public and professional awareness of the initial symptoms of AD, improving knowledge among healthcare professionals about the benefits of a timely diagnosis and early intervention, reducing the fear and stigma about dementia, normalizing the experience of dementia, and developing and implementing dementia strategies and integrated diagnostic services that enable timely diagnosis and provide post-diagnostic support, care, and interventions for patients and their families. Some of this can be achieved through public awareness campaigns as well as targeted communication and education of healthcare professionals, while others will require system-wide and structural changes at the national level.
CONCLUSIONS
We believe that timely diagnosis of AD at a time when people first seek for help being worried about changes in cognition, behavior, or functioning not necessarily resulting in dementia, has the potential to reduce the impact of no or delayed diagnosis or misdiagnosis. Timely diagnosis at the prodromal stage of the disease could offer many potential benefits to patients and caregivers, especially the opportunity to obtain treatment to control symptoms, avoid medications that may worsen symptoms, and, possibly in the future, access to interventions that slow or lessen the disease process. Patients could put into place advance care planning and make end-of-life decisions, consider changing unhealthy lifestyles, and seek better medical care. The findings of this literature review show that, at the current time, these ideas are mainly based on expert opinion and perhaps belief; evidence is lacking, and further studies are needed to demonstrate not only that a timely diagnosis is feasible, but also that it has benefits. Such evidence would support the cultural shift towards diagnosis at the pre-dementia stage of AD.
